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LIGHTWEIGHT VALVE 

[0001] The invention relates to a lightweight valve, in particular for internal combustion engines, 
according to the preamble of claim 1 5 and to a method for manufacturing the lightweight valve, 
according to claim 17. 

[0002] Lightweight valves of the kind referred to here are known (DE 198 04 053 Al). They are 
used inter alia as inlet and outlet valves for internal combustion engines and comprise a valve 
stem which is adjoined by a funnel/trumpet-shaped valve cone. For the purpose of weight 
reduction, the valve cone is hollow and has only a small wall thickness. The valve cone is closed 
at its end of greater diameter by means of a valve disk. Furthermore, the valve stem has a hollow 
space at its end facing the valve disk, by virtue of which the weight of the lightweight valve is 
further reduced. 

[0003] As the valve disk is not supported on a large area owing to the hollow space in the valve 
cone and the valve cone moreover has only a small wall thickness, the valve disk may be 
deformed during operation by the combustion pressure in the combustion chamber of the internal 
combustion engine, which contributes to premature wear of the lightweight valve. Furthermore, 
the thin- walled valve cone may also be deformed. In order to prevent this, DE 198 04 053 Al 
proposes making the valve stem so long that it rests with its end face on that flat side of the valve 
disk facing away from the combustion chamber, by virtue of which the disk is supported. In this 
connection, the valve stem, which is hollow or made of solid material, and the valve disk can be 
welded together in their contact region. An alternative proposal is to manufacture the valve stem 
and the valve disk in one piece, that is as one part. In other alternatives, the valve disk is 
supported against the valve stem by means of an intermediate piece designed in one piece on the 
valve cone or a separate sleeve fixed between valve stem and valve disk. It is a disadvantage of 
the known lightweight valves that their individual parts can in some cases be produced only in a 
costly way owing to their geometry which is defined by the construction concerned and that 
accurate alignment of the individual parts in relation to one another before the joining process 
can be brought about only with high outlay. 
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[0004] It is an object of the invention to provide an alternative to the lightweight valve of the 
kind referred to in the introduction. A further object of the invention consists in indicating a 
method for manufacturing the lightweight valve. 

[0005] To achieve the object, a lightweight valve with the features of claim 1 is proposed. This is 
characterized by at least one force transmission element which is provided on the valve disk and 
extends through the hollow valve cone into the stem hollow space. Owing to the force 
transmission element which is formed or designed on or fastened to the valve disk, optimum 
introduction of the gas forces acting on the valve disk during operation of the lightweight valve 
into the valve stem can be ensured without inadmissibly great deformations of the valve disk and 
of the valve cone arising in this connection. Owing to the design according to the invention of 
the lightweight valve, it can be ensured that the valve cone is virtually force-free during 
operation of the lightweight valve, that is that only very small forces, if any, are introduced into 
the valve cone via the valve disk. The valve cone can therefore be designed with very thin walls, 
which is advantageous in manufacture of the same and moreover contributes to reducing the 
weight of the lightweight valve. 

[0006] In an advantageous illustrative embodiment, the valve disk with the force transmission 
element provided thereon is made from the intermetallic phase titanium aluminide (TiAl) or a 
TiAl alloy by casting. This valve disk is of only light weight and is moreover extremely wear- 
resistant. According to another variant embodiment, the valve disk and the force transmission 
element are made of steel, in particular tool steel, and are produced by forging. According to a 
third variant embodiment, the valve disk and the at least one force transmission element designed 
in one piece with the valve disk are manufactured by means of a powder metallurgy production 
process, in particular from a tool steel which is extremely wear-resistant. It is common to all the 
variant embodiments mentioned above that the force transmission element is designed in one 
piece with the valve disk and can therefore be manufactured cost-effectively. 



2 



WO2005/049980 



PCT/EP2004/012581 



[0007] As far as the materials which can be used for the valve stem and the valve disk with the 
force transmission element provided thereon are concerned, reference is also made to DE 100 29 
299 C2, the content of which with regard to the materials used is a subject of this description. 

[0008] An illustrative embodiment of the lightweight valve in which the force transmission 
element projects in a dome-like manner above that flat side of the valve disk facing the valve 
cone is also preferred. In this connection, the force transmission element is in its simplest 
embodiment designed as a pin which can have a constant cross section over its length and is 
preferably arranged in the center of the valve disk. This variant embodiment of the force 
transmission element can be produced in a simple and cost-effective way both by casting and by 
forming or sintering. 

[0009] Further advantageous illustrative embodiments of the lightweight valve result from 
combinations of the features mentioned in the description and in the subclaims. 

[0010] The subject matter of the invention also concerns a method with the features of claim 17 
for manufacturing a lightweight valve. The method proposes that a first one-piece component 
forming the valve disk and the force transmission element is produced by primary forming 
and/or forming in a first step. A second one-piece component forming the valve stem and the 
valve cone is produced in a second step. According to a first variant embodiment, the valve cone 
is produced on the valve stem by flaring, that is by expanding the hollow stem end. According to 
a second variant embodiment, the valve cone and the valve stem are separate components which 
are interconnected to form the second component by material, non-positive and/or positive 
connection. Finally, in a third step, the first and second components are joined together by 
introducing the force transmission element into the valve stem and subsequently firmly 
interconnected by means of material, non-positive and/or positive connection. 

[0011] In the variant embodiment of the lightweight valve in which the force transmission 
element is at the same time designed as means for aligning the valve disk relative to the valve 
cone, it is especially easy to join the individual components of the lightweight valve together. 
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[0012] Further advantageous embodiments of the method result from combinations of the 
features mentioned in the description and in the subclaims. 

[0013] The invention is explained in greater detail below with reference to the drawing, in 
which: 

[0014] figs 1 to 3 each shows a detail of an illustrative embodiment of a lightweight valve 
for internal combustion engines in a perspective, cutaway illustration. 

[0015] Figure 1 shows a first illustrative embodiment of a lightweight valve 1 of multi-part 
design for internal combustion engines. This can be used as a thermally less loaded inlet valve or 
as a thermally more highly loaded outlet valve, the material of the individual parts being selected 
accordingly depending on the use of the lightweight valve 1 . 

[0016] The lightweight valve 1 illustrated in figure 1 comprises a valve stem 3 which is provided 
with a stem hollow space 5. In this illustrative embodiment, the stem hollow space 5 is formed 
by a through-opening extending in alignment with the longitudinal central axis of the valve stem 
3. The valve stem 3 can be formed by a precision-drawn tube made of steel, for example X45, 
and is closed at its end which is not illustrated by means of a valve stem endpiece/foot. The valve 
stem 3 has at its end which is illustrated in figure 1 a valve cone 7 which is formed by expanding 
the diameter of the valve stem end. The valve stem 3 and the valve cone 7 are therefore designed 
in one piece with one another. As can be seen from figure 1, the valve cone 7 is very thin- walled 
and has a smaller wall thickness than the valve stem 3. The expansion of the valve stem end and 
the special shape of the valve cone result in a conical transition from the stem hollow space 5 
toward the valve cone 7. 

[0017] The lightweight valve 1 also has a valve disk 9, by means of which the hollow valve cone 
7 is closed. The valve disk 9 is provided on its flat side facing the valve cone 7 with a recess 13 
of all-round design which is arranged at a radial distance from the valve disk peripheral surface 
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1 1 and into which the valve cone 7 projects with its end of greater diameter. In this connection, 
the recess 13 is designed in such a way that the transition between the valve disk 9 and the valve 
cone 7 in their connection region is continuous. 

[0018] The recess 13 has in its edge region an all-round edge step 14 which serves for supporting 
or as a bearing shoulder for the valve cone 7. In the assembled state of the lightweight valve 1, 
the end face, located at the end of greater diameter, of the valve cone 7 engaging in the recess 13 
is in bearing contact with the edge step 14. The recess 13, or the edge step 14, forms a centering 
and supporting seat for the valve cone 7. 

[0019] The valve disk 9 is of disk-shaped design and has a first, cylindrical longitudinal portion 
15 of constant cross section and, adjoining this, a conical, that is frustoconical, second 
longitudinal portion 17, the cone angle of the second longitudinal portion 17 being the same as 
the cone angle of the valve cone 9 at its end of greater diameter, by virtue of which the 
continuous transition is brought about in the connection region between these parts. The lateral 
surface of the longitudinal portion 17 usually forms the sealing surface of the lightweight valve 
1. 

[0020] The valve disk 9 has on its flat side facing the valve cone 7 or the valve stem 3 a force 
transmission element 19 which is located in the center of the valve disk 9 and in this illustrative 
embodiment is designed in one piece with the valve disk 9. The force transmission element 19 
has a circular cross section which is constant essentially over the entire length. As can be seen 
from figure 1, the force transmission element 19 is designed with such a length that it extends 
through the hollow valve cone 7 and into the stem hollow space. The end face 21 of the force 
transmission element 19 extends in a direction at right angles to the longitudinal central axis of 
the valve stem 3 and here forms a stop surface 23 which interacts with an axial stop 25 provided 
in the stem hollow space 5. This stop is formed by an all-round annular shoulder against which 
the force transmission element 19 bears with its stop surface 23. The axial stop 25 is formed by a 
diameter jump in the stem hollow space 5, that is a longitudinal portion of smaller diameter of 
the stem hollow space 5 is adjoined by a longitudinal portion of greater diameter. The axial stop 
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25 can be formed by, for example, expanding the stem hollow space 5, by machining (drilling, 
milling, sinking) or by appropriate design of the original die in manufacture by means of a 
powder metallurgy method. 

[0021] The arrangement of the axial stop 25 inside the stem hollow space 5 is selected in such a 
way that the end region of greater diameter of the valve cone 7 engages accurately in the recess 
13 in the valve disk 9 when the force transmission element 19 comes up against the axial stop 25 
with its end face 21. 

[0022] In a preferred embodiment, the outside diameter of the force transmission element 19 is 
the same as or slightly larger than the diameter of the stem hollow space 5, so that, when the 
force transmission element 19 is inserted into the stem hollow space 5, a non-positive connection 
is formed between these parts which serves for prefixing the valve disk 9 to the valve stem 3. 
After the valve disk 9 and the valve stem 3 have been joined together in the way mentioned 
above, the valve stem 3 and the force transmission element 19 and also the valve disk 9 and the 
valve cone 7 are interconnected by material connection. The valve disk 9 and the valve cone 7 
are welded to one another in their connection region located in the region of the recess 13, for 
example by means of laser beam. In the illustrative embodiment shown in figure 1 , in particular 
soldering together is suitable as the joining method for connecting the force transmission element 
19 and the valve stem 3. Other variants are of course also possible for firm, inseparable 
connection between force transmission element 19 and valve stem 3 and also valve disk 9 and 
valve cone 7. 

[0023] The illustrative embodiment of the lightweight valve 1 shows in figure 1 is characterized 
by small wall thicknesses of the individual parts, in particular of the valve cone 9, and 
consequently by only a small weight. It is furthermore advantageous that the individual parts can 
be joined in a simple way by fitting together and in this connection relative alignment of valve 
disk and valve stem and also valve cone takes place at the same time by means of the force 
transmission element 19. The gas forces acting on the valve disk 9 during operation of the 
lightweight valve 1 are advantageously introduced into the valve stem 3 via the centrally 
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arranged force transmission element 19, which is supported by the axial stop 25 provided on the 
valve stem 3. Owing to the construction referred to above of the lightweight valve 1, the gas 
forces acting on the valve disk 9 are not, or are only to a harmless extent, introduced into the 
very thin- walled valve cone 7. Deformation of the valve cone 7 can therefore reliably be 
excluded. 

[0024] The stem hollow space 5, which is closed sealingly at its one end by means of the valve 
endpiece and at its other end by means of the force transmission element 19, can be filled with a 
cooling medium, for example sodium. To improve heat dissipation from the valve disk 9, a blind 
hole 27 made in the end face 21 of the force transmission element 19 is provided in the 
illustrative embodiment shown in figure 1, the hole extending to close to the disk-shaped basic 
body of the valve disk 9. The blind hole 27 is arranged in alignment with the stem hollow space 
5 and is therefore likewise filled with the cooling medium. 

[0025] In an illustrative embodiment which is not shown, the hollow space 29 formed between 
the valve disk 9, the valve cone 7 and the force transmission element 19 is also at least partly 
filled with the cooling medium. The hollow space 29 forms a first chamber and the stem hollow 
space 5 together with the blind hole 27 a second chamber, which chambers are interconnected 
via at least one bypass opening in the force transmission element 19 connecting the hollow space 
29 to the blind hole 27 for the purpose of pressure compensation when heating of the cooling 
medium takes place. An exchange of cooling medium can therefore take place between the stem 
hollow space 5 and the hollow space 29 of the valve cone 7. 

[0026] Figure 2 shows a detail of a further illustrative embodiment of the lightweight valve 1. 
The same parts are provided with the same reference numbers, so that in this respect reference is 
made to the description for figure 1. The lightweight valve 1 differs from the illustrative 
embodiment shown in figure 1 in particular in that the force transmission element 19 designed on 
the valve disk 9 is designed to taper toward its free end. The free end of the force transmission 
element 19 has a conical shape, the outer side of the cone forming a bearing surface 31 of all- 
round design which, in the joined-together state of the valve disk 9 and the valve stem 3, bears 
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flat against a correspondingly designed countersurface 33 provided in the stem hollow space 5. 
The countersurface 33 is formed by an appropriately conically designed widening of the stem 
hollow space 5 toward its end facing the valve cone 7. In the case of a valve stem 3 made of 
steel, the countersurface 33 can be formed by expanding the stem hollow space 5, for example. 

[0027] Owing to the inclined, conically designed free end of the force transmission element 19, 
the illustrative embodiment of the lightweight valve 1 shown in figure 2 is suitable in particular 
for interconnecting the valve disk 9 and the valve stem 3 with a material connection by means of 
friction welding. In this illustrative embodiment as well, the connection of the force transmission 
element 19 to the valve stem 3 is selected in such a way that, after joining together of the valve 
disk 9 and the valve stem 3, that is after the force transmission element 19 has been introduced 
into the position intended for it in the stem hollow space 5, the end of greater diameter of the 
valve cone 7 engages in or projects into the recess 13 provided on the upper side of the valve 
disk 9 in an at least approximately force-free manner. It is conceivable for the valve cone 7 and 
the valve disk 9 also to be interconnected by means of friction welding at the same time as the 
valve disk 9 is connected to the valve stem 3 by means of friction welding. Alternatively, it is 
possible for the valve cone 7 to be connected to the valve disk 9 in the region of the recess 1 3 in 
a separate welding operation. 

[0028] Figure 3 shows a third illustrative embodiment of the lightweight valve 1, which differs 
from the lightweight valve 1 described with reference to figure 2 inter alia in that a recess 35 
which serves to form a positive connection between force transmission element 19 and valve 
stem 5 is provided in the countersurface 33 which is provided on the inner wall of the stem 
hollow space 5 and widens conically toward the stem end. The recess 35 is formed by an all- 
round annular groove. By melting the force transmission element 19 on in the region of the 
recess 35, which can take place by means of capacitor discharge welding for example, the molten 
material of the force transmission element 19 flows into the recess 35. Additionally or 
alternatively, the force transmission element 19 can be soldered together with the valve stem 3. 
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[0029] In the illustrative embodiment according to figure 3, a number of reinforcing ribs 37, 
preferably three, molded into the valve disk 9 are provided in the recess 13, only one of the 
reinforcing ribs 37 being visible in the illustration according to figure 3. Seen in a top view of 
that flat side of the valve disk 9 facing the valve stem 3, the reinforcing ribs 37 extend radially in 
relation to the longitudinal central axis of the lightweight valve 1 and are arranged at a spacing of 
120° from one another. The length of the reinforcing ribs 37 originating from the edge region of 
the recess 13 in the direction of the valve disk center corresponds approximately to half the 
radius of the valve disk 9. As can be seen from figure 3, the reinforcing ribs 37 are in this 
illustrative embodiment designed as rectilinear strips of which the height increases in the 
direction of the valve disk center. 

[0030] The reinforcing ribs 37 are designed to complement the inner wall of the valve cone 7, so 
that the latter, in the joined-together state of the lightweight valve 1, rests flat with its inner wall 
on the upper narrow side 39 of the reinforcing ribs 37 and is consequently supported by these. 
The valve cone 7 and the reinforcing ribs 37 can be welded or soldered together on their bearing 
contact region. 

[0031] The reinforcing ribs 37 therefore prevent deformation of the thin-walled valve cone 7 
during operation of the lightweight valve 1 as a result of the gas forces acting on the outer side of 
the valve cone 7. A further function of the reinforcing ribs consists in aligning valve stem 3 and 
valve disk 9 accurately in relation to one another when they are being joined together if this is 
not already carried out precisely enough by means of the force transmission element 19 which 
engages in the stem hollow space 5. 

[0032] Alternatively to the reinforcing ribs, a supporting portion of all-round design can also be 
provided, which can be designed identically in cross section to the reinforcing ribs described 
above. 

[0033] It is common to the illustrative embodiments of the lightweight valve 1 described with 
reference to figures 1 to 3 that the connection between the force transmission element 19 and the 
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valve stem 3 is designed in such a way that the forces acting on the valve disk 9 during operation 
are introduced essentially completely via the force transmission element 19 into the valve stem 3 
and the connection between valve disk 9 and valve cone 7 is designed in such a way that only 
very small forces, if any, are introduced into the valve cone 7 from the valve disk 9. 

[0034] It remains to state that the valve stem 3 and the valve disk 9 can be made from the same 
material or from different materials. The connection between valve disk 9 and valve stem 3 can 
in particular be effected by means of friction welding, beam welding, fusion welding or capacitor 
discharge welding in all the illustrative embodiments of the lightweight valve described with 
reference to figures 1 to 3 as well. Connecting the valve disk 9 and the extremely thin-walled 
valve cone 7 is preferably effected by means of beam, fusion or laser welding. 

[0035] In summary, it remains to state that the lightweight valve 1 according to the invention is 
characterized in particular in that, in addition to its only small weight, it has only a few 
individual components, which can be interconnected with a few simple joining operations, so 
that it can be produced cost-effectively overall. 

[0036] The advantages of the force transmission element have been described merely by way of 
example with reference to a lightweight valve in which the valve cone is designed in one piece 
with the valve stem. Such a force transmission element can of course also be used in a 
lightweight valve in which the valve cone is a separate component which at its end of greater 
diameter is fixed to the valve disk and at its end of smaller diameter is fixed to the valve stem 
and/or to the force transmission element engaging in the valve stem. 
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